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ABSTRACT
The pattern in which hot air is generated in data center aisles may be leveraged to
create a windmill effect. Such an effect may be harnessed whereby the wind energy is
converted into mechanical energy thus supporting a regenerative source of power. Such
power may then be used to contribute to the energy efficiency of the data center. However,
the majority of the hot air that is generated by equipment in a data center is not captured
and is allowed to escape. To address such a situation, presented herein are techniques
through which a waste resource (i.e., the hot air that is exhausted by data center equipment)
may be captured and then converted into clean energy. Aspects of the presented techniques
encompass, among other things, the innovative redirection (i.e., polarization) of airflow to
increase the velocity of exhausted air to create a "vortex" effect, the strategic placement of
either new equipment intake and exhaust configurations or commercially-available baffles
to maximize such a vortex, the use of commercially-available Vertical Axis Wind Turbines
(VAWTs) to capture the vortex, and the redirection of the vertical rotation of a VAWT into
horizontal rotation with such motion then transferred to generators for the production of
electrical power.
DETAILED DESCRIPTION
Within data centers, the industry employs a standard measure of energy efficiency
that is known as power usage effectiveness (PUE). A PUE is an index that divides the total
amount of energy that is used in a center by the amount of energy that is needed to run the
processors themselves. While there are many data centers that are operated by large web
providers that have a very low PUE (e.g., less than 1.2) a large gap exists between the
industry average and best practices.
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Large data centers consume vast amounts of electricity and emit a considerable
amount of carbon dioxide (CO2). To remediate this, clean energy sources are needed in
order to dramatically improve energy efficiency. As the demand for computing increases,
and with the advancement of technology, a PUE will be a critical factor in making future
data centers sustainable.
To address the types of challenges that were described above, techniques are
presented herein that support means for improving the PUE ratio in a data center by
leveraging the nature of the airflow design in a data center to convert such airflow back
into power through a variety of mechanisms.
With advances being made in computing, companies that rely on technology are
seeing an exponential increase in the demand for compute, network, and storage resources.
Such resources are hosted in data centers that are typically designed with a hot-cold aisle
configuration to optimize the way in which equipment (such as servers, switches, routers,
and other kinds of equipment) is optimally cooled to ensure the longevity of the equipment.
As data centers continue to scale to satisfy the insatiable demand for resources, it
is critical to ensure that the carbon footprint of such data centers is sustainable.
As noted previously, the industry standard for measuring data center efficiency in
terms of energy consumption is PUE. A PUE value may be calculated according to the
following formula:

Aspects of the techniques presented herein improve a PUE by leveraging a set of
innovations to harness the airflow in the different data center aisles. Figure 1, below,
provides a top-down view of how hot and cold aisles are typically deployed in a data center.
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Figure 1: Typical Data Center Hot-Cold Aisle Placement (Top-Down View)
Figure 2, below, provides a three-dimensional (3D) view of how aisles are typically
deployed in a data center showing, among other things, multiple rows with racks.

Figure 2: Typical Data Center Aisle Placement (3D View)
It is important to note that while the hot and cold aisles that were depicted in the
above figures are utilized during the installation of equipment within the racks themselves,
and when a failure occurs on a component within a rack, for the vast majority of the
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lifecycle of a rack (once the equipment is in production) there is no activity on the floor
space in either the cold or hot aisles.
Figure 3, below, depicts the hot air exhausts on each rack being redirected (i.e.,
polarized) to one side of the rack according to aspects of the techniques presented herein.
Opposing racks in a given aisle may redirect (i.e., polarize) the airflow either to the left or
to the right to increase the velocity of the air that is being exhausted out of the rack to create
a "vortex" effect that will be leveraged by other aspects of the techniques presented herein
(which will be described and illustrated in the narrative below).

Figure 3: Airflow Polarization in Opposing Racks Creating Windmill Effect (Top-Down
View)
The polarization effect that was described and illustrated above may be achieved
using an exhaust configuration where the different chassis in a rack are designed to have
multiple variants that strategically place the physical exhaust. Today, most product
families provide two variants of airflow configuration (e.g., a port side intake and a port
side exhaust orientation).

Aspects of the techniques presented herein support the

introduction of additional intake and exhaust configurations in each orientation.
Specifically (as illustrated in Figure 4, below), under aspects of the techniques presented
herein a left-polarized exhaust configuration and a right-polarized exhaust configuration
are available for each stock keeping unit (SKU).
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Figure 4: Non-Polarized and Polarized Exhaust Placements (Front-Rear View)
In Figure 4, above, the top equipment row depicts an example of an existing (e.g.,
currently shipping) airflow configuration. The middle and the bottom equipment rows
provide examples of a right-polarized exhaust configuration and a left-polarized exhaust
configuration, respectively, according to aspects of the techniques presented herein.
It is important to note that aspects of the techniques presented herein may be
leveraged in existing data center deployments that include installed equipment that does
not support the polarity of airflow through a baffle apparatus that may be applied to each
rack. Such an approach leverages the use of commercially-available baffles (that are
installed in a manner that is depicted in Figure 5, below, and described in the narrative
below) to create a vortex effect in the hot-cold aisle containment zone.

5
Published by Technical Disclosure Commons, 2021

6674
6

Defensive Publications Series, Art. 4612 [2021]

Figure 5: Exemplary Baffle Installation to Create Airflow Polarization
Figure 6, below, depicts elements of the installation of baffles in opposing racks
with a strategic alignment to create a wind vortex.

Figure 6: Baffles Installed in Opposing Racks with Strategic Alignment
Aspects of the techniques presented herein also define the strategic placement of
either the polarized exhaust or the baffles in a manner that maximizes the vortex effect by
leveraging a strategic placement of such systems in adjacent rows. Specifically, for each
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rack with a specific polarization configuration the adjacent rack leverages a mirrored
configuration as demonstrated in Figure 7, below.

Figure 7: Strategic Placement of Equipment Exhaust (L and R) to Enhance Vortex Effect
The wind vortex resulting from aspects of the techniques presented herein, as
described and illustrated above, may be leveraged to generate power by converting the
movement of the wind vortex into rotational mechanical energy. Aspects of the techniques
presented herein support the use of various kinds of commercially-available wind capture
mechanisms known as Vertical Axis Wind Turbines (VAWTs), examples of which are
depicted in Figure 8, below, to convert the wind vortex effect into rotational energy.

Figure 8: Examples of Commercially-Available VAWTs
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Further, various commercially-available mechanisms may be leveraged to
construct the assembly that is shown in Figure 9, below.

Figure 9: VAWT Construction with Bevel Gear and Detachable Blades
As depicted in Figure 9, above, the vertical rotation of a VAWT may be converted
into horizontal rotation through the use of a bevel gear. According to aspects of the
techniques presented herein such motion may then be transferred to additional shafts (that
are, for example, mounted on the top of a rack or under the floor) that are connected to a
generator as shown in Figure 10, below.
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Figure 10: Exemplary Horizontal Axles and Generator Placement (Top-Down View)
Figure 11, below, provides a front view of aspects of the exemplary arrangement
that was depicted in Figure 10, above.

Figure 11: Exemplary Horizontal Axles and Generator Placement (Front View)
Additionally, aspects of the techniques presented herein support the use of
detachable blades (or rotors) which may be removed to accommodate the equipment inside
of a rack.
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Further, under aspects of the techniques presented herein the VAWT in each unit
may be equipped with a commercially-available braking mechanism to stop the rotation
during, for example, maintenance windows.
In summary, techniques have been presented that support ways in which a waste
resource (i.e., the hot air that is exhausted by data center equipment) may be captured and
then converted into clean energy. Aspects of the presented techniques encompass, among
other things, the innovative redirection (i.e., polarization) of airflow to increase the velocity
of exhausted air to create a "vortex" effect, the strategic placement of either new equipment
intake and exhaust configurations or commercially-available baffles to maximize the
vortex, the use of commercially-available VAWTs to capture the vortex, and the
redirection of the vertical rotation of a VAWT into horizontal rotation with such motion
then transferred to generators for the production of electrical power.

10
https://www.tdcommons.org/dpubs_series/4612

6674
11

